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Imagination  in  Petroleum  Geology. 

Introduction 

It  would  be  difficult  to  read  a  number  of  newspapers  and  magazines 
without  noting  some  reference  to  geology.  Many  a  layman  who  may 
have  once  thought  of  geologists  as  those  peculiar  fellows  who  spend 
their  lives  hunting  dinosaur  eggs  in  the  Gobi  desert  or  making  useless 
observations  in  the  crater  of  an  active  volcano  has  probably  been  sur¬ 
prised  to  learn  that  geologists  are  useful  in  the  search  for  oil  and  other 
minerals,  and  even  in  modem  warfare.  The  layman  cannot  be  ex¬ 
pected  to  have  a  good  understanding  of  the  many  ways  geology  can  be 
applied  to  the  solution  of  practical  problems,  for  the  field  of  applied 
geology  is  broad  beyond  his,  or,  for  that  matter,  any  geologist’s  concep¬ 
tion.  Geologists  are  happy  to  be  recognized  as  more  useful  citizens, 
and,  in  this  wider  recognition,  they  accept  a  challenge  to  be  still  more 
useful,  to  be  alert  to  the  existence  of  all  problems  dealing  with  the 
materials  of  the  earth,  to  be  ingenious  enough  to  apply  geology  to  the 
solution  of  these  problems.  Applied  geology  requires  the  exercise  of 
every  resource  at  the  geologist’s  command.  Above  all,  it  requires 
imagination. 

The  petroleum  industry  is  the  largest  employer  of  geologists  and 
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the  record  of  applied  geology  in  the  industry  is  one  that  every  geologist 
and  every  other  scientist  seeking  to  apply  his  science  can  study  to  ad¬ 
vantage.  Geologists  have  sold  geology  to  the  industry  by  applying 
their  science  successfully  to  the  solution  of  a  variety  of  problems  many 
of  which  were  once  considered  to  be  outside  the  sphere  of  geology. 
Today,  geology  permeates  the  producing  branch  of  the  petroleum  indus¬ 
try  and  is  as  necessary  to  it  as  petroleum  products  are  to  our  way  of 
life.  It  is  now  obvious  that  the  winning  of  oil  from  the  earth  is  essen¬ 
tially  a  geologic  enterprise  and  that  the  petroleum  geologist  is  in  a  posi¬ 
tion  to  see  more  clearly  than  others  in  the  industry  the  whole  problem 
of  making  available  adequate  supplies  of  crude  oil.  In  this  position  of 
opportunity  and  responsibility,  the  petroleum  geologist  can  advance 
the  application  of  geology  as  far  as  his  resourcefulness  and  imagina¬ 
tion  will  permit  him. 

Some  Principles 

There  is  no  discovery  formula.  In  85  years  of  experience,  geolo¬ 
gists  have  developed  but  one  fundamental  principle  governing  the  oc¬ 
currence  of  oil  deposits, — important  deposits  of  oil  are  found  only  in 
traps  in  permeable  rocks  in  geologic  sections  that  are  mainly  sedimen¬ 
tary.  The  effectiveness  of  applying  this  broad  principle  to  the  discov¬ 
ery  of  new  oil  fields  depends  upon  the  geologist’s  imaginative  use  of 
his  fund  of  geologic  facts  and  theories,  many  of  which  are  widely  known. 
His  fund  of  knowledge  is  increased  daily  by  learning  a  certain  number 
of  the  facts  on  the  geologj'  of  oil  deposits  and  the  geology  of  the  world, 
which  are  furnished  at  an  indigestible  rate  of  each  new  oil  field,  each 
well  (whether  dry  or  productive) ,  and  each  geological  and  geophysical 
survey.  His  theories  are  subject  to  rapid  change,  because  any  new 
fact  or  group  of  new  facts,  or,  for  that  matter,  any  old  facts  or  group  of 
old  facts,  when  considered  imaginatively  and  without  prejudice,  has  a 
chance  of  upsetting  several  current  theories,  hypotheses  and  opinions 
and  of  leading  to  the  discovery  of  one  or  more  oil  fields  or  provinces. 

The  petroleum  geologist  is  both  scientist  and  artist.  He  is  a  scien¬ 
tist  when  he  works  up  the  geologic  picture  or  any  part  of  the  picture  by 
ferreting  out,  assembling  and  coordinating  original  or  other  available 
data.  In  other  words,  he  is  a  scientist  when  he  is  doing  geology.  But 
his  job  as  a  petroleum  geologist  has  just  begun  when  he  completes  his 
scientific  work,  for  he  has  ahead  of  him  the  more  important  task  of  ap¬ 
plying  his  geology, — of  appraising  the  economic  significance  of  his  geo- 
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logical  investigations.  He  is  an  artut  when  he  applies  successfully  his 
science  to  the  solution  of  any  one  of  the  many  practical  problems  of  the 
petroleum  industry.  The  petroleum  geologist’s  imagination  is  an  im¬ 
portant  factor  in  his  success  in  either  capacity  but  especially  in  the 
capacity  of  artist. 

Imagination  in  the  Science  of  Petroleum  Geology 

I  need  not  stress  before  a  group  composed  largely  of  geologists  the 
role  of  imagination  in  the  science  of  geology.  Anyone  who  completes  a 
four-year  course  in  geology  must  realize  that  the  science  of  geology 
leaves  much  to  the  imagination.  Quite  certainly,  no  geologist  can  map 
the  surface  and  subsurface  of  a  sizable  area  without  realizing  that  his 
imagination  has  supplied  many  missing  links  in  the  story.  Ideally,  the 
geologist’s  imagination  should  be  suppressed  until  he  has  exhausted  the 
possibilities  of  obtaining  additional  facts.  However,  certain  considera¬ 
tions,  largely  economic,  frequently  make  it  desirable  to  attempt  conclu¬ 
sions  before  exhausting  the  possibilities  of  obtaining  additional  facts. 

Every  bit  of  data  pertaining  to  the  earth,  however  obtained,  is 
usable  in  the  science  of  geology  and  is,  in  fact,  geologic  data.  The  pe¬ 
troleum  geologist  uses  every  scrap  of  data  he  can  lay  his  hands  on,  em¬ 
ploys  all  the  principles  of  geology  and,  urged  on  by  the  economics  of  his 
problems,  is  vitally  interested  in  improving  the  quality  and  quantity  of 
geologic  data.  During  the  past  25  years,  many  instruments  and  tech¬ 
niques — plane  table  and  alidade ;  core  drill,  magnetometer,  torsion  bal¬ 
ance  and  pendulum;  refraction  seismograph,  reflection  seismograph  and 
gravimeter;  electric,  gamma  ray  and  mud  logging  devices;  core  anal¬ 
ysis,  fluoroscope,  etc. — have  been  developed,  that  enable  the  geologist 
to  obtain  more  precise  earth  measurements.  All  the  instruments  and 
techniques  have  their  place  in  the  sun.  All  furnish  data  of  geologic 
importance,  most  of  which  were  not  obtainable  25  years  ago.  Geolo¬ 
gists  no  longer  have  to  imagine  what  the  facts  may  be  in  certain  in¬ 
stances,  but  they  have  to  apply  their  imaginations  to  the  solution  of 
the  new  problems  raised  by  the  new  data. 

Many  of  these  new  geologic  data  are  acquired  by  geophysical 
means  and  are  frequently  referred  to  as  geophysical  data.  Unfortu¬ 
nately,  too  many  petroleum  geologists  are  content  to  turn  over  the 
geologic  interpretation  of  these  geologic  data  to  the  physicists  who  ac¬ 
quire  the  data.  Geologists  can  squeeze  a  lot  more  geology  out  of  these 
data  acquired  by  geophysical  means  by  taking  the  trouble  to  learn  the 
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principles  and,  more  important,  to  work  with  the  data.  As  a  matter  of 
fact,  geologists  are  old-timers  in  the  use  of  geophysical  instruments — 
the  compass,  the  altimeter,  the  dip  needle,  the  alidade,  the  binocular 
microscope,  the  petrographic  microscope.  By  using  the  petrographic 
microscope,  the  geologist  expands  his  understanding  of  the  composition 
and  structure  of  a  piece  of  rock.  By  using  the  magnetometer,  gravi¬ 
meter  and  seismograph,  he  expands  his  understanding  of  the  composi¬ 
tion  and  structure  of  the  earth.  The  difference  is  merely  one  of  scale. 

Geologists  can  and  should  expand  their  horizon  by  treating  the 
data  acquired  by  geophysical  means  as  geologic  data,  worthy  of  being 
worked  into  the  geologic  picture,  worthy  of  being  subjected  to  analysis 
by  the  imaginative  mind  of  a  geologist.  While  I  am  urging  geologists 
to  delve  more  deeply  into  geophysics,  I  am  at  the  same  time  urging 
them  to  delve  as  deeply  into  geochemistry,  geobotany,  geobiology  or 
any  other  geoscience  that  is  useful  or  that  may  be  useful  in  the  discov¬ 
ery  of  oil.  Concurrently,  I  am  urging  the  physicists,  chemists,  botan¬ 
ists,  biologists  and  other  scientists  to  study  more  geology.  As  geolo¬ 
gists  and  other  scientists  attain  a  better  understanding  of  each  other’s 
fields,  the  results  of  their  combined  efforts  cannot  fail  to  improve. 

The  intelligent  use  of  the  tools  available  to  the  petroleum  geolo¬ 
gist  is  a  most  important  part  of  his  job  and  requires  perspective  and 
imagination.  In  laying  out  his  program,  he  has  to  make  the  best  use  of 
these  tools,  to  choose  the  areas  that  merit  attention  first,  to  choose  the 
proper  tool  or  tools  to  use  in  each  area.  The  choice  of  areas  to  work, 
either  in  reconnoissance  or  detail,  is  one  of  the  most  serious  decisions 
the  petroleum  geologist  has  to  make,  and  certainly  few  decisions  require 
a  greater  exercise  of  good  judgment  and  imagination.  Keen  competi¬ 
tion  makes  it  necessary  to  work  the  various  areas  in  the  order  of  their 
probable  importance.  No  geologist  or  group  of  geologists  has  at  his 
command  suflBcient  resources  to  enable  him  to  work,  at  the  same  time, 
all  areas  which  may  be  considered  prospective.  Regardless  of  his  re¬ 
sources  he  can  dissipate  them  by  the  thoughtless  use  of  them.  The  de¬ 
cision  to  explore  a  new  area  in  the  attempt  to  open  up  a  new  petrolifer¬ 
ous  province  may  be  based  upon  little  else  than  a  few  widely  known 
geologic  facts  and  a  lot  of  imagination.  This  decision  may  be  based 
on  what  amounts  to  a  dream.  In  searching  for  a  new  pool  in  a  petro¬ 
liferous  province,  more  facts  are  usually  available,  but  again  a  choice 
must  be  made. 

In  the  progress  of  the  geological  work  which  follows  the  decision 
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to  explore  an  area,  there  is  every  opportunity  to  exercise  imagination  in 
the  use  of  the  tools.  One  example  of  the  expert  handling  of  a  reflection 
seismograph  crew  in  the  Gulf  Coast  will  serve  to  stress  my  point.  In 
this  certain  area  the  shooting  of  profiles  along  the  roads  revealed  a 
rather  inconspicuous  structural  anomaly.  Other  companies  had  also 
shot  along  the  same  roads  and  one  of  them  had  drilled  a  dry  hole  on 
the  anomaly.  The  geologist  in  charge  could  have  passed  up  the  struc¬ 
tural  anomaly  as  one  of  no  importance  and  proceeded  to  search  else¬ 
where  for  a  more  important  structural  feature.  He  saw  in  the  picture, 
however,  the  suggestion  of  an  important  structural  anomaly  located 
between  the  lines  of  control  along  the  roads.  He  therefore  went  to  the 
trouble  and  expense  of  shooting  lines  through  the  rather  inaccessible 
country  between  the  roads  and  proved  the  existence  of  a  sizable  closed 
structure.  Subsequent  drilling  of  the  closed  structure  resulted  in  the 
discovery  of  a  good  Gulf  Coast  oil  field.  The  discovery  might  have 
been  postponed  indefinitely  had  this  geologist  not  been  imaginative  in 
the  use  of  an  expensive  tool. 

Imagination  in  the  Art  of  Petroleum  Geology 

It  is  the  geologist’s  function  to  detail  the  geology  of  each  prospect 
to  the  point  that  the  drilling  of  a  wildcat  well  becomes  an  economic 
venture.  When  the  geologist  determines  that  point,  he  has  appraised 
the  economic  significance  of  his  scientific  endeavors  and  has  assumed 
the  role  of  artist.  I  do  not  wish  to  imply  that  the  geologist’s  efforts  up 
to  this  point  are  exclusively  scientific.  All  along  the  line  he  has  to  con¬ 
sider  the  practical  application  of  his  work.  Quite  certainly  there  is 
more  art  than  science  in  choosing  the  areas  to  work.  In  the  capacity 
of  artist  or  translator  of  geology  into  economics,  the  petroleum  geolo¬ 
gist  is  on  his  own.  The  machines  he  used  to  develop  the  geologic  pic¬ 
ture  will  not  assist  him  to  read  into  that  picture  the  practical  applica¬ 
tion  of  it.  He  has  only  his  experience,  knowledge,  theories,  reasoning 
powers  and  imagination  to  guide  him.  Fortunately,  long  experience  in 
drawing  conclusions  from  a  miscellaneous  assortment  of  data  has  sharp¬ 
ened  his  powers  of  imagination.  Expressing  this  thought  in  different 
words,  the  petroleum  geologist  uses  only  one  tool — his  head — ^when  he 
applies  geology  to  the  solution  of  practical  problems.  Since  the  most 
important  practical  problem  is  the  discovery  of  oil,  it  follows  that  the 
future  of  oil  discovery  lies  as  much,  if  not  more,  in  the  minds  of  geolo¬ 
gists  as  it  does  in  the  development  of  new  prospecting  tools,  the  im- 
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provement  of  old  tools  and  drilling  equipment,  and  the  acquisition  of 
new  data.  The  burden  on  the  minds  of  geologists  promises  to  grow 
heavier  rather  than  lighter,  because  the  anticipated  improvement  in 
fact-finding  devices  will  do  well  to  keep  pace  with  the  increased  diffi¬ 
culties  of  finding  the  huge  quantities  of  oil  necessary  to  our  national 
welfare. 

The  libraries  and  files  of  companies  and  individuals  are  full  of 
good  geology  indicating  good  prospects,  a  fair  percentage  of  which  will 
be  found  productive.  That  many  of  these  prospects  have  not  been 
considered  as  prospects  by  the  many  geologists  who  have  studied  these 
pieces  of  geology  is  of  no  great  significance,  for,  in  the  absence  of  a 
discovery  formula,  the  opinion  of  the  majority  does  not  necessarily  ap¬ 
proach  the  truth.  Any  geologist  at  any  time  may  see  one  or  more  oil 
fields  or  new  petroliferous  provinces  in  these  libraries  or  files  by  the 
not  altogether  simple  process  of  tearing  himself  away  from  orthodox 
economic  appraisal  of  the  geology  and  adopting  a  fresh  viewpoint.  The 
more  imaginative  geologists  can  achieve  this  fresh  viewpoint.  The  less 
imaginative  achieve  it  with  difficulty,  for  they  are  more  inclined  to 
search  for  oil  in  the  light  of  the  past — the  old  story  of  the  generals  fight¬ 
ing  the  last  war.  Orthodox  economic  appraisal  of  geologic  features 
leads  to  mental  condemnation  of  those  geologic  features  that  are  unlike 
those  upon  which  nearby  or  remote  oil  fields  are  located.  Referring 
again  to  the  broad  principle  that  important  deposits  of  oil  are  found 
only  in  traps  in  permeable  rocks  in  geologic  sections  that  are  mainly 
sedimentary,  there  is  little  justification  for  mentally  condemning  a 
stratigraphic  or  structural  condition  affording  a  trap  just  because  this 
trap  does  not  meet  the  structural  and  stratigraphic  specifications  of 
nearby  or  remote  oil  fields.  Only  the  drill  can  condemn  a  prospect. 

Daring,  imaginative  interpretation  of  the  oil  possibilities  of  geo¬ 
logic  features  has  led  directly  to  the  discovery  of  oil  in  the  past,  and  it 
is  well  to  relate  an  outstanding  example — the  Fitts  field,  Oklahoma. 
This  field,  discovered  in  1933,  is  located  in  the  Franks  graben,  a  rela¬ 
tively  small  pie-shaped  graben  along  the  northeast  flank  of  the  Arbuckle 
Mountains.  The  geology  of  the  area  had  been  adequately  described  in 
a  report  published  in  1924.  Between  the  dates  of  publication  and  dis¬ 
covery  any  number  of  petroleum  geologists  had  every  opportunity  to 
appraise  correctly  the  oil  possibilities  of  the  prominent  faulted  anti¬ 
cline  in  Pennsylvania  rocks  within  the  graben.  Most  of  these  geolo¬ 
gists  in  their  search  for  oil  were  looking  for  geologic  features  resembling 
closely  known  Oklahoma  oil  fields,  and  the  geology  of  the  Franks 
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graben  was  different.  A  handful  of  geologists  ignored  all  current  theo¬ 
ries  and  adopted  the  belief  that  the  prominent  faulted  anticline  in 
Pennsylvania  beds,  together  with  the  westward  convergence  of  the 
Pennsylvanian  across  the  anticline,  afforded  a  trap  that  was  both  struc¬ 
tural  and  stratigraphic,  meriting  the  drilling  of  a  wildcat  well.  Those 
who  felt  that  the  prospect  was  too  close  to  the  mountains  now  can  see 
Ordovician  oil  wells  4500  feet  deep  less  than  a  mile  from  the  Ordo¬ 
vician  outcrop  in  the  Arbuckle  Mountains.  The  daring,  imaginative, 
trail-blazing  interpretation  of  the  oil  possibilities  of  a  widely  known 
anticline  added  over  100  million  barrels  of  oil  to  the  nation’s  reserve 
and,  more  important,  it  affected  profoundly  the  thinking  of  hundreds 
of  geologists.  Prospects  were  no  longer  too  close  to  the  mountains,  and 
geologists  who  had  mentally  condemned  the  areas  around  the  moun¬ 
tains  immediately  became  interested  in  them. 

You  have  perhaps  heard  the  opinion  expressed  that  we  have  found 
and  drilled  most  of  the  structural  traps  in  the  United  States.  It  is  more 
correct  to  say  that  we  have  found  and  drilled  most  of  the  structural 
traps  that  the  majority  of  geologists  think  are  good  traps  in  the  areas 
that  the  majority  of  geologists  think  are  prospective.  Fitts  was  not 
considered  to  be  this  sort  of  trap  in  this  sort  of  area,  and,  today,  as  in 
1933,  there  remain  any  number  of  structural  traps  that  do  not  meet  the 
specifications  of  the  majority  but  which  are  nevertheless  potential 
oil  fields. 

You  have  also  heard  that,  in  order  to  meet  the  demand  for  crude 
oil,  geologists  will  have  to  devote  more  attention  to  the  discovery  of 
stratigraphic  traps.  One  cannot  quarrel  with  this  statement.  There 
are  relatively  few  oil  fields  owing  their  existence  to  stratigraphic  trap¬ 
ping  alone,  but  there  are  many  oil  fields  owing  their  existence  to  com¬ 
bined  structural  and  stratigraphic  trapping.  In  the  future,  as  in  the 
past,  some  stratigraphic  oil  fields  will  be  discovered  by  random  drill¬ 
ing,  but,  in  the  future,  the  petroleum  geologist  will  have  to  develop 
more  ideas  that  can  be  turned  into  stratigraphic  oil  fields  by  a  reason¬ 
able  amount  of  drilling.  In  order  to  develop  these  ideas  the  petroleum 
geologist  has  no  alternative  but  to  do  more  and  better  geology  and  to 
use  more  imagination  in  the  appraisal  of  the  economic  significance  of 
his  geology. 

A  good  example  of  an  excellent  oil  field  located  on  a  combination 
stratigraphic  and  structural  trap  and  discovered  through  the  efforts  of 
geologists  is  the  East  Coalinga  Eocene  pool  in  California.  The  wildcat 
well  which  proved  to  be  the  discovery  well  of  this  field  was  located  on 
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the  axis  of  the  southeastward  plunging  Coalinga  anticlinal  nose,  a  well- 
known  structural  feature  in  California.  Eight  and  one-half  miles  to 
the  southeast  of  the  well,  on  the  same  line  of  folding,  a  well  in  the  Ket- 
tleman  Hills  field  had  revealed  a  thick  section  of  Eocene  sand.  Seven 
miles  to  the  northwest  of  the  well  and  up-dip,  the  exposed  Eocene  section 
contained  a  poorly  developed  sand  body.  The  well  was  located  with 
the  idea  of  penetrating  a  substantial  sand  section  as  far  up-dip  on  the 
anticlinal  nose  as  possible.  As  a  matter  of  fact,  the  thick  Eocene  sand 
section  in  Kettleman  Hills  had  been  predicted  from  the  general  geologic 
considerations  in  advance  of  drilling,  and  leases  had  been  purchased 
on  the  Coalinga  nose  as  a  play  for  Eocene  production.  Highly  imag¬ 
inative  interpretation  of  a  fund  of  accurate  surface  and  subsurface  data 
therefore  preceded  the  discovery. 

Conclusion 

I  do  not  pretend  to  have  presented  to  you  an  exhaustive  treatise  on 
imagination  in  petroleum  geology.  A  great  deal  more  imagination 
goes  into  the  discovery  of  most  oil  fields  than  is  evident  from  a  study  of 
the  literatxu'e,  because  authors  seldom  describe  their  mental  processes. 
If  the  details  were  known,  I  am  sure  we  should  find  that  my  attempt 
to  portray  the  role  of  imagination  in  both  the  science  and  art  of  petro¬ 
leum  geology  is  woefully  short  of  the  mark.  However,  I  hope  to  have 
cited  enough  examples  of  the  economic  importance  of  imaginative  geol¬ 
ogy  to  clarify  my  conception  that  imagination  permeates  petroleum 
geology,  just  as  petroleum  geology  permeates  the  producing  branch  of 
the  petroleum  industry. 

It  will  take  some  new  provinces  full  of  oil  fields  as  well  as  a  great 
many  new  oil  fields  in  known  provinces  to  supply  the  heavy  demand 
for  domestic  crude  oil.  Ideas,  the  product  of  imaginative  minds,  pre¬ 
cede  detailed  geological  investigations,  steer  the  course  of  these  inves¬ 
tigations  and  control  the  economic  interpretation  of  the  results  of  the 
investigations.  Without  good  ideas,  nothing  worth  while  is  started, 
nothing  worth  while  results.  The  quality  of  ideas  is  likely  to  be  pro¬ 
portional  to  the  available  quantity  of  accurate  geologic  data,  and  the 
quality  of  the  geologist’s  imagination.  In  the  search  for  new  provinces 
the  geologic  data  are  ordinarily  scant;  hence,  the  imagination  is  taxed 
heavily.  Let  us  tax  our  imaginations,  for,  by  taxing  them,  we  develop 
them,  and,  by  developing  them,  we  generate  more  good  ideas,  resulting 
inevitably  in  more  oil  fields  in  both  old  and  new  areas. 
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SECTION  OF  BIOLOGY 
OCTOBEB  9,  1944 

Doctob  S.  R.  Detwileb,  Department  of  Anatomy,  College  of  Physi¬ 
cians  and  Surgeons,  Columbia  University,  New  York,  N.  Y.:  On 
Factors  Affecting  Pigment  Migration  in  the  Retina.  (This  lecture 
was  illustrated  by  lantern  slides.) 

It  has  long  been  known  that  illumination  of  the  retina  in  many 
animals  brings  about  a  forward  migration  of  the  pigment  in  the  epi¬ 
thelial  pigment  layer,  contraction  of  the  cones,  and  elongation  of  the 
rods.  In  dim  light  or  “darkness,”  the  inverse  changes  occur,  viz.,  re¬ 
traction  of  the  pigment,  elongation  of  the  cones,  and  a  shortening  of 
the  rods. 

These  changes  have  been  termed  “photomechanical,”  since  they 
were  first  observed  to  occur  in  response  to  marked  alterations  in  il¬ 
lumination.  In  teleost  fishes,  amphibians,  and  birds,  the  responses 
are  prominent.  In  reptiles,  they  are  greatly  reduced,  and  in  mammals, 
including  man,  their  occurrence  is  questionable.  It  is  generally  re¬ 
garded,  however,  that  these  responses  are  of  great  importance  in  adapt¬ 
ing  the  retina  to  changes  in  illumination,  particularly  in  the  lower  ver¬ 
tebrates  (Walls,  1942).  In  man  and  other  mammals,  where  these  re¬ 
sponses  apparently  do  not  take  place,  adaptation  to  changing  illumina¬ 
tion  must  be  sought  primarily  in  the  physiology  of  the  retinal  photo¬ 
pigments  in  combination  with  pupillary  responses. 

Despite  prolonged  investigations  (Arey,  1915;  Detwiler,  1943; 
Walls,  1942),  the  mechanism  by  which  photomechanical  shifts  are 
brought  about  has  never  been  fully  elucidated.  Neither  have  the  vari¬ 
ous  theories  concerning  the  functional  significance  of  these  positional 
alterations  met  all  the  requirements  of  the  inquisitive  mind. 

Photomechanical  changes  have  been  shown  to  be  evoked  by  fac¬ 
tors  other  than  light  and  darkness.  One  of  these  factors  is  temperature. 
Arey  (1916a),  working  with  teleost  fishes,  showed  that  at  low  (5°  C.) 
and  at  high  (25®  C.)  temperatures  in  the  dark,  the  pigment  expands, 
thus  exhibiting  a  response  characteristic  of  light  adaptation.  The 
cones,  which  typically  lengthen  in  the  dark,  were  found  to  shorten  at 
low  temperatures,  and  to  elongate  at  high  temperatures.  The  results 
of  his  experiments  upon  frogs  were  essentially  in  agreement  with  those 
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of  Herzog  (1905).  Their  general  conclusion  was  that  the  pigment  in 
the  dark-adapted  eyes  undergoes  striking  expansion  between  0°-14® 
C.  and  19°-33°  C.;  whereas,  at  intermediate  temperatures,  it  is  highly 
contracted.  These  limits  apparently  are  too  rigid,  for  it  has  since 
been  shown  (Detwiler  and  Lewis,  1926,  and,  more  recently,  in  unpub¬ 
lished  observations)  that,  after  two  hours  exposure  to  darkness  at  tem¬ 
peratures  as  high  as  24°  C.,  the  pigment  is  usually  in  the  contracted 
state. 

Recent  experiments  (Detwiler,  1944)  have  shown  that  excitatory 
stimuli,  such  as  those  occasioned  by  handling  or  clamping  to  a  frog 
board,  will  cause  extensive  migration  of  the  pigment  in  dark-adapted 
frogs.  The  migration  is  fairly  rapid  and  can  take  place  within  twenty 
minutes.  The  excision  of  one  eye  (under  faint  red  light)  from  a  dark- 
adapted  frog  is  invariably  followed  by  expansion  of  the  pigment  in  the 
opposite  eye,  following  twenty  minutes  further  exposure  to  darkness. 
This  response  is  not  necessarily  due  to  the  operation,  for  if  a  dark- 
adapted  frog  (2-3  hours  in  darkness)  is  clamped  to  a  frog  board,  and 
kept  in  the  dark  for  twenty  additional  minutes,  the  pigment  is  found 
to  be  in  the  extended  condition. 

It  becomes  clear  from  these  and  other  results  that,  in  any  experi¬ 
ments  involving  the  injection  of  various  substances  to  test  their  effects 
upon  photomechanical  reactions,  the  experimenter  must  be  extremely 
careful  not  to  ascribe  certain  results  to  the  substances  injected,  when 
the  response  may  be  due  to  the  excitatory  state  produced  by  mere 
manipulation  of  the  frog.  Numerous  cases  are  on  hand  to  show  that 
the  injection  in  the  dark  of  1  cc.  of  frog  Ringer’s  solution  into  the 
ventral  lymph  sac  of  dark-adapted  frogs  will  cause  the  pigment  to  un¬ 
dergo  expansion  as  extensive  as  that  produced  by  excising  an  eye. 

In  order  to  investigate  the  possible  nature  of  this  so-called  excita¬ 
tory  response,  a  number  of  experiments  were  performed  in  which  the 
frog,  after  dark-adaptation,  was  anaesthetized.  This  was  accom¬ 
plished  by  injecting  1  cc.  of  a  10  per  cent  solution  of  paraldehyde  into 
the  ventral  lymph  sac.  Usually,  within  three  minutes,  the  frog  became 
limp  and  showed  no  response  to  any  peripheral  stimulation.  The  left 
eye  was  then  excised  and  the  animal  re-dark-adapted  for  20  minutes. 
Despite  the  obvious  blocking  of  all  cutaneous  impulses,  the  pigment  in 
the  right  eye  underwent  migration  in  the  dark  comparable  in  extent  to 
that  obtained  in  unanaesthetized  animals.  The  same  results  were  ob- 
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taincd  when  anaesthetizing  doses  of  chloretone  were  used  (1  cc.  of  a 
1-100  solution)  .* 

Whereas,  the  above  observations  show  that  functioning  cutaneous 
nerves  are  not  necessary  for  the  pigmentary  response,  the  question  still 
remains  as  to  what  extent  other  nerves  (e.g.  autonomies),  the  action  of 
hormones,  or  other  chemical  changes  may  be  involved  in  the  reactions. 
In  order  to  test  these  matters  further,  a  series  of  experiments  upon 
Amblystoma  larvae  was  carried  out  as  follows:  A  supernumerary  optic 
vesicle  was  substituted  for  the  ear  vesicle  in  embryos  in  the  early  tail- 
bud  stage  of  development.  One  group  of  embryos  containing  the  su¬ 
pernumerary  eye  was  then  hypophysectomized.  As  a  result,  there  be¬ 
came  available  for  study  two  groups  of  animals.  One  group  possessed 
the  hypophysis,  normal  intact  eyes,  and  heterotopic  eyes  lacking  con¬ 
nection  with  the  central  nervous  system.  The  other  group,  with  nor¬ 
mal  and  heterotopic  eyes,  lacked  the  hypophysis.  The  larvae  were 
raised  for  30  to  45  days,  when  individuals  from  both  categories  were 
subjected  for  four  hours  to  light  (60  watt  lamp)  or,  for  the  same  time, 
to  total  darkness.  It  thus  became  possible  to  study  the  effects  of  light 
or  darkness,  with  or  without  the  presence  of  the  h3rpophysis,  upon  nor¬ 
mal  eyes,  as  well  as  upon  those  devoid  of  nervous  control.  A  micro¬ 
scopic  study  was  made  of  the  eyes  from  four  light-adapted  and  four 
dark-adapted  larvae  with  an  intact  pituitary  gland,  and  of  a  similar 
number  which  had  been  hypophysectomized.  The  findings  showed 
that  the  pigmentary  response  in  the  eyes  of  larvae  lacking  the  hypo¬ 
physis  does  not  differ  from  that  in  the  eyes  of  normal  larvae.  Fur¬ 
thermore,  in  the  grafted  eyes  lacking  nervous  connections,  the  response 
is  also  of  .the  same  magnitude  as  in  the  normal  eyes,  regardless  as  to 
whether  the  hypophysis  is  present  or  absent.  The  results  clearly  point 
to  the  conclusion  that,  in  this  form,  the  reactions  to  light  and  darkness 
are  autonomous,  and  are  not  subservient  to  nervous  control  nor  to 
any  influence  on  the  part  of  the  pituitary  gland. 

Laurens  and  Williams  (1917)  showed  that,  in  heterotopic  eyes  of 
Amblystoma  tigrinum,  pigment  migration  and  cone  contraction  under 
illumination  took  place  as  in  the  normal  eyes,  but  to  a  greater  extent. 
Pigmentary  responses  of  similar  magnitude  were  shown  to  take  place 
in  the  heterotopic  eyes  of  Rana  fusca  larvae  (Detwiler,  1929).  The 
findings  are  in  support  of  the  generally  known  fact  that,  in  certain 

*  Arey  (’18a)  noted  that  anaesthetiiins  dark-adapted  catfish  (Ameiurut),  by  immersins  them 
in  a  0.1  per  cent  solution  of  chloretone,  did  not  prevent  the  migration  of  pigment  when  the  animals 
were  brought  into  the  light. 


jl 


12 


TRANSACTIONS 


forms,  limited  positional  changes  can  take  place  independently  of  the 
nervous  system,  despite  evidence  in  support  of  the  existence  of  a  super¬ 
imposed  nervous  (efferent)  control  (Arey,  1916a,  1916b). 

That  the  pituitary  gland  plays  no  significant  role  in  regulating 
photomechanical  response  is  apparent,  for  the  weight  of  evidence  shows 
that  after  hypophysectomy,  the  retinal  responses  to  light  and  darkness 
are  unaltered.  An  exception  to  this  is  the  work  of  Sverdlick  (1942), 
who  claims  that  the  pigment  in  light-adapted  hypophysectomized  frogs 
undergoes  moderate  contraction.  In  my  own  experiments  with  hypo- 
physeciomized  frogs,  the  responses  to  light  and  darkness  under  other¬ 
wise  controlled  conditions  did  not  deviate  from  those  exhibited  by  nor¬ 
mal  frogs  subjected  to  similar  experimental  procedures. 

In  contrast  to  strong  evidence  that  excision  of  the  hypophysis  does 
not  effect  the  “light”  and  “dark”  response  of  the  retinal  pigment,  the 
results  of  experiments  involving  the  injection  of  posterior  lobe  extracts 
(containing  melanophore-stimulating  hormone)  are  not  only  at  vari¬ 
ance,  but  are,  in  many  instances,  contradictory,  as  regards  the  effects 
on  both  dark-adapted  and  light-adapted  frogs  and  toads.  Matuo 
(1935)  and  Dubois-Poulsen  (1937)  obtained  expansion  in  the  dark  fol¬ 
lowing  the  injection  of  posterior  lobe  extract.  One  wonders  whether 
the  supposed  influence  of  the  hormonal  substance  injected,  in  many  in¬ 
stances,  is  real.  This  query  seems  especially  pertinent  in  view  of  the 
fact  that  the  injection  of  frog  Ringer’s  solution  into  the  ventral  lymph 
sac  of  dark-adapted  frogs  results  in  a  rather  striking  expansion  of  the 
pigment,  and  is  apparently  the  result  of  mechanical  manipulation  and 
subsequent  excitation  of  the  frog.  This,  however,  would  not  account 
for  the  contraction  of  the  pigment  in  illuminated  eyes  which  several 
authors  claimed  to  have  observed  after  injection  of  posterior  lobe  ex¬ 
tract  (Drouet  and  Florentin,  1937). 

That  the  injection  of  adrenalin  causes  a  marked  migration  in  dark- 
adapted  eyes  is  generally  agreed  upon  by  those  who  have  investigated 
this  matter.  In  1919,  Arey  (see  also  Arey  and  Jennings,  1943)  showed 
that  the  injection  of  2  cc.  of  a  1:100,000  solution  would  produce  marked 
migration  in  the  dark.  He  found  also  that  extracts  of  the  adrenal 
bodies  of  the  frogs  were  also  potent  when  injected.  In  view  of  my  own 
experiments,  it  would  appear  that  the  marked  migration  following 
adrenalin  injection  is  not  all  due  to  the  substance  injected,  for  some  of 
the  migration  must  in  all  instances  be  attributed  to  the  sequelae  of 
internal  reactions  which  are  initiated  by  the  act  of  injection  alone. 
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The  completion  of  these  reactions  is  apparently  not  dependent  upon 
functional  intactness  of  the  cutaneous  nerves,  for  in  dark-adapted  frogs, 
which  are  anaesthetized  just  prior  to  the  injection  of  adrenalin  chloride 
(1  cc:  of  1 : 100,000) ,  a  marked  migration  of  the  pigment  occurs  in  dark¬ 
ness.  This  may  be  maximal  within  30  minutes. 

,  Studnitz  (1940)  found  that  the  injection  of  phosphoric  acid  into 
dark-adapted  fishes  caused  the  pigment  and  the  cones  to  assume  the 
“light”  condition.  He  also  cites  evidence  which  indicates  the  migra¬ 
tion  of  pigment  caused  by  the  injection  of  adrenalin  chloride  is  due  to 
its  acidity  and  not  to  the  hormonal  base.  He  also  claimed  that  the 
injection  of  alkali  (KOH)  into  light-adapted  fishes  caused  them  to 
dark-adapt. 

A  few  preliminary  experiments  by  the  author  have  been  made  to 
test  the  effects  of  acidosis  and  alkalosis  upon  the  retinal  responses. 
Injection  of  either  ammonium  chloride  (1  cc.  of  a  5  per  cent  solution) 
or  sodium  bicarbonate  (1  cc.  of  a  10  per  cent  solution)  into  dark- 
adapted  frogs  will  bring  about,  in  30  minutes,  migrations  as  extensive 
as  those  following  the  injection  of  adrenalin,  but  the  experiments  to 
date  are  too  crude  to  justify  any  definite  conclusions.  More  refined 
experiments  employing  acids  and  alkalies  are  under  way.  Experiments 
are  also  in  progress  to  test  the  effects  of  parasympathetic  sensitizers 
and  paralysants  upon  the  retinal  responses  to  light  and  darkness.  It  is 
hoped  that  these  and  still  other  approaches  will  yield  results  which  will 
be  fruitful  to  a  clearer  understanding  of  the  physiology  of  this  fasci¬ 
nating,  but  baffling,  problem. 
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SECTION  OF  ANTHROPOLOGY 
OcTOBEB  23,  1944 

Doctob  Claude  Levi-Strauss,  Ecole  Libre  des  Hautes  Etudes,  New 
York,  N.  Y.:  The  Social  and  Psychological  Aspect  of  Chieftainship 
in  a  Primitive  Tribe:  the  Nambikuara  of  Northwestern  Mato 
Grosso.  . 

Few  anthropologists  would  admit  today  that  human  groups  display¬ 
ing  an  extreme  primitiveness  either  in  the  field  of  material  culture  or 
that  of  social  organization  can  teach  us  something  about  the  early 
stages  of  the  evolution  of  mankind.  Primitiveness  in  one  field  often 
goes  on  a  par  with  a  great  sophistication  in  another,  as  shown  by  the 
Australian  refinements  concerning  kinship.  Since  these  primitive 
peoples  have  their  own  history,  it  would  be  a  serious  mistake  to  think 
that  it  may  be  discounted  because  we  know  nothing  of  it.  The  partial 
similarities  which  archaeological  remains  allow  us  to  infer  between 
primitive  societies  and  those  of  prehistoric  man,  while  they  remain 
sheer  hypotheses,  do  not  preclude  the  tremendous  differences  which  may 
have  existed  in  fields  outside  of  the  archaeologist’s  reach.  The  above 
considerations,  which  are  only  a  few  among  many  others,  have  led  most 
anthropologists  in  recent  years  to  consider  each  human  group  as  a  par¬ 
ticular  case  which  should  be  studied,  analyzed  and  described  from  the 
point  of  view  of  its  uniqueness,  without  any  attempt  to  use  the  results 
for  a  better  understanding  of  human  nature. 

However  desirable  this  attitude  may  have  been  after  the  evolu¬ 
tionist  orgies,  and  however  fruitful  the  results  obtained,  there  are  many 
dangers  in  it  which  should  raise  increasing  concern.  Are  we  condemned, 
like  new  Danaids,  to  fill  endlessly  the  sieve-like  basket  of  anthropolog¬ 
ical  science;  in  vain,  pouring  monographs  over  monographs  without 
ever  being  able  to  collect  a  substance  with  a  richer  and  denser  value? 
Fortunately,  primitive  societies  have  not  to  be  considered  as  illusory 
stages  in  the  evolution  of  mankind  to  teach  us  a  truth  endowed  with  a 
general  validity.  The  fact  that  they  are  (at  least  some  of  them  and 
all  of  them  in  some  respect)  simpler  societies  than  our  own  does  not 
need  to  be  taken  as  a  proof  of  their  archaism.  They  still  throw  light, 
if  not  on  the  history  of  mankind,  at  least  on  some  basic  forms  of  activity 
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which  are  to  be  found,  always  and  everywhere,  as  prerequisites  for  the 
existence  of  human  society. 

The  simpler  organisms  may  provide  a  better  field  for  the  study  of 
organic  functions  than  those  which  exhibit  the  same  functions,  although 
under  a  more  complex  form.  Simple  human  groups  render  the  an¬ 
thropologist  the  same  kind  of  service  without  any  need  of  surmising 
that  they  represent  survivals  of  older  types  of  organization.  Now,  to 
call  upon  the  notion  of  function  in  the  field  of  anthropological  sciences 
is  no  discovery.  This  notion,  first  introduced  by  Diirkheim  in  1894,* 
has  been  only  too  much  exploited  since  then,  sometimes  in  the  most 
abusive  way.  There  are  indeed  functions  of  the  social  life  as  well  as 
functions  of  the  organic  life.  But  neither  in  one  domain  nor  in  the 
other  does  everything  correspond  to,  nor  may  it  be  justified  by,  its 
functional  value.  To  state  the  opposite  view  could  lead  to  only  two 
results:  either  an  anthropological  come-back  to  eighteenth  centurj’ 
Providentialism,  where  culture  would  play  in  relation  to  man  the  same 
utopian  tutelary  part  which  was  attributed  to  nature  by  the  author  of 
Paul  et  Virginie;'*  or  the  reducing  of  the  notion  of  function  to  a  mere 
tautology — ^to  say,  for  instance,  that  the  function  of  the  notched  lapel 
on  our  coats  is  to  gratify  our  esthetic  feeling  would  be  meaningless, 
since,  here,  obviously,  the  feeling  results  from  the  custom,  and  not  the 
contrary.  The  custom  has  a  history  which  explains  its  existence.  It 
does  not,  under  present  circumstances,  possess  any  function. 

The  preceding  may  appear  to  be  a  very  ponderous  introduction  to 
an  address  dedicated  by  its  title  to  the  psychological  aspects  of  chief¬ 
tainship  in  a  small  Brazilian  tribe.  But  I  do  not  believe  that  the  data 
which  I  am  going  to  present,  if  considered  only  as  data  on  chieftain¬ 
ship  among  a  hitherto  little  known  group,  would  honestly  deserve  one 
hour  of  attention.  Similar  facts  have  been  recorded  many  times, 
either  joined  or  separately.  The  particular  interest  offered  by  the 
Nambikuara  is  that  they  confront  us  with  one  of  the  simplest  conceiv-^/' 
able  forms  of  social  and  political  organization.  Chiefs  and  chieftain¬ 
ship  exist,  among  all  human  groups,  under  very  different  forms,  but  it 
would  be  vain  to  assign  a  special  functional  value  to  each  of  the  modaji- 

'  In  “Les  R^Ies  de  la  M4thode  Sociologique”:  “The  function  is  the  correspondence 
between  the  considered  fact  and  the  general  needs  of  the  social  organism.”  p.  1 17. 

*In  his  “Etudes  de  la  Nature”  (1784)  Bemardin  de  Saint  Pierre  suraested  that 
Nature  devised  melon  ribs  to  make  the  fruit  easier  to  divide  on  the  family  table, 
and  that  it  made  fleas  black  so  that  they  could  more  easily  be  caught  on  white 
skin. 
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ties  down  to  their  smallest  details.  There  is,  undoubtedly,  a  function  in 
chieftainship.  This  can,  however,  be  reached  only  through  analysis  as 
the  underlying  principle  of  the  institution.  In  other  words,  the  differ¬ 
ing  structure  of  the  digestive  organs  in  man,  ox,  fish  and  clam  do  not 
point  toward  different  functions  of  the  digestive  system.  The  function 
is  always  and  everywhere  the  same,  and  can  be  better  studied,  and 
more  fully  understood  where  it  exists  under  a  simple  form — for  in¬ 
stance,  in  a  mollusc.  Similarly,  and  as  Professor  Lowie  once  wrote,  if 
anthropology  is  to  be  considered  as  a  scientific  study,  its  subject  matter 
cannot  be  individual  cultures,  but  culture  taken  as  a  whole;  the  role  of 
individual  cultures  being  to  offer,  according  to  their  own  characteristics, 
special  angles  from  which  the  basic  functions  of  culture,  although  uni¬ 
versal  in  application,  can  be  more  easily  reached. 

This  will  perhaps  help  us  to  eliminate  preliminary  questions  which 
otherwise  could  have  proved  very  difficult.  Anthropologists  in  South 
America  and  elsewhere  have  been  eagerly  debating  the  question  of 
whether  these  South  American  tribes — nomadic,  relying  mostly  on  col¬ 
lecting  and  gathering,  with  little  or  no  agriculture,  little  or  no  pottery, 
and,  in  some  cases,  with  no  dwelling  other  than  crude  shelters — should 
be  considered  as  truly  primitive  and  as  having  preserved  their  excep¬ 
tionally  low  cultural  level  through  tarriance,  or  whether  they  did  not 
previously  possess  a  higher  type  of  social  and  material  organization  and 
have  regressed  to  a  pseudo-archaism  under  unfavorable  circumstances. 
The  Nambikuara  are  one  of  those  tribes  which,  along  with  the  Siriono, 
on  the  other  side  of  the  Guapore  valley,  the  Cayapo,  Bororo,  Karaja  of 
central  Brazil,  the  so-called  Ge  of  Central  and  Eastern  Brazil,  and  some 
others,  together  form  a  kernel  of  primitiveness  surrounded,  in  the  West, 
by  the  higher  tribes  of  the  upper  Amazon,  the  Bolivian  plain  and  the 
Chaco,  and  from  the  Oronoco’s  to  the  La  Plata’s  estuaries,  by  a  coastal 
strip  inhabited  mostly  by  the  Arawak,  Carib  and  Tupi-Guarani  lin¬ 
guistic  families.  An  independent  linguistic  stock  divided  into  several 
dialects,  the  Nambikuara  seem  to  display  one  of  the  more  backward 
cultures  in  South  America.  At  least,  some  of  their  bands  do  not  build 
huts  and  are  wholly  ignorant  of  pottery  and,  even  among  the  others, 
these  two  arts  are  exceedingly  poor.  There  is  no  weaving,  except  for 
the  narrow  arm  and  leg  bands  which  are  made  of  cotton ;  no  dress  what¬ 
soever,  either  for  the  men  or  for  the  women;  no  sleeping  contrivances, 
such  as  hammocks  or  platforms;  the  natives  being  used  to  sleeping  on 
the  bare  ground  without  the  protection  of  blankets,  mats  or  hides. 
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Gardening  exists  only  during  the  rainy  season  and  does  not  free  the 
Nambikuara  from  wandering  during  the  seven  months  of  the  dry  sea¬ 
son,  looking  for  wild  roots,  fruits  and  seeds,  small  animals  such  as 
lizards,  snakes,  bats,  spiders  and  grasshoppers  and,  generally  speaking, 
anything  which  may  prevent  them  from  starving.  As  a  matter  of  fact, 
their  geographical  surroundings,  which  are  located  in  the  northwestern 
part  of  the  state  of  Mato  Grosso  and  include  the  headwaters  of  the 
Tapajoz,  Rio  Roosevelt  and  Rio  Gi-Parana,  consist  of  a  desolated 
savanna  with  few  vegetal  resources  and  still  less  game. 

Had  I  approached  my  subject  from  a  point  of  view  other  than  the 
one  outlined  above,  I  could  not  have  avoided  a  long  discussion  in  South 
American  cultural  history,  aimed  at  clearing  up  this  apparent  primi¬ 
tiveness,  on  the  question  as  to  whether  the  survival  of  early  conditions 
of  life  in  South  America  is  genuine  or  whether  we  should  consider  it  as 
a  more  recent — although  undoubtedly  pre-columbian — result  of  culture 
clashes  and  processes  of  acculturation.  Whatever  the  answer  may  be, 
it  cannot  substantially  change  our  problem:  whether  tarriant  or  reces¬ 
sive,  the  Nambikuara  society  functions,  in  the  present,  as  one  of  the 
simplest  forms  of  human  society  to  be  conceived.  We  shall  not  seek 
information  from  the  particular  history  which  kept  them  in  their  ex¬ 
ceptionally  crude  organization  or  brought  them  back  to  it.  We  shall 
only  look  at  the  experiment  in  social  anthropology  which  they  now 
enact  under  our  very  eyes. 

This  holds  especially  true  in  respect  to  their  social  and  political 
life.  For  if  we  do  not  know  what  was  the  material  culture  of  the 
Nambikuara  forty  years  ago  (they  were  discovered  only  in  1907),  we 
do  know  that  their  numbers  became  tremendously  reduced  after  their 
contact  with  white  civilization.  General  (then  Colonel)  Candido 
Mariano  da  Silva  Rondon,  who  discovered  and  studied  them,  first  stated 
that  their  number  was  about  20,000.  This  was  around  1915.  I  take 
this  figure  as  greatly  exaggerated,  but  even  if  reduced  by  one  half,  it 
considerably  exceeds  the  present  number  which  is  hardly  more  than 
2,000.  Epidemics  have  taken  care  of  the  difference.  What  does  this 
mean,  from  the  point  of  view  of  our  study?  During  the  dry  season,  the 
Nambikuara  live  in  nomadic  bands,  each  one  under  the  leadership  of  a 
chief,  who,  during  the  sedentary  life  of  the  rainy  months,  may  be  either 
a  village  chief  or  a  person  of  position.  General  Rondon  wrote  that, 
at  the  time  he  was  exploring  the  country,  it  was  not  rare  to  see  bands 
averaging  two  or  three  hundred  individuals.  Now,  sixty  or  seventy 
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people  are  seldom  met  together,  the  average  size  of  the  bands  being 
twenty  individuals,  women  and  children  included.  This  demographic 
collapse  cannot  possibly  have  taken  place  without  affecting  the  struc¬ 
ture  of  the  band.  But  here,  too,  we  do  not  need  to  concern  ourselves 
with  such  questions  as  the  type  of  political  organization  in  earlier  times. 
It  is  probably  more  difficult  to  understand  Nambikuara  sociology  now 
than  it  was  thirty  years  ago.  Perhaps,  on  the  contrary,  the  much  re¬ 
duced  Nambikuara  band  offers,  better  than  in  the  past,  a  privileged 
field  for  a  study  in  social  anthropology.  My  contention  is  that,  pre¬ 
cisely  on  account  of  its  extreme  impoverishment,  Nambikuara  political 
structure  lays  bare  some  basic  functions  which  may  remain  hidden  in 
more  complex  and  elaborate  systems  of  government. 

Each  year,  at  the  end  of  the  rainy  season,  that  is,  in  April  or  in 
early  May,  the  semi-permanent  dwellings  laid  in  the  vicinity  of  the 
gallery-forest  where  the  gardens  are  cleared  and  tilled,  are  abandoned 
and  the  population  splits  into  several  bands  formed  on  a  free  choice 
basis.  Each  band  includes  from  two  to  about  ten  families  usually  tied 
by  kinship.  This  may  be  misleading  when  a  band  is  met,  for  one  eas¬ 
ily  gets  the  impression  that  it  is  formed  as  an  extensive  family.  It 
does  not  take  long  to  discover,  however,  that  the  kinship  tie  between 
two  families  belonging  to  separate  bands  may  be  as  close,  and  even¬ 
tually  closer,  than  between  two  families  inside  the  same  band.  The 
Nambikuara  have  a  simple  kinship  system  based  on  cross-cousin  mar¬ 
riage  and  the  subsequent  dichotomy  between  “cross”  and  “parallel”  in 
every  generation.  Therefore,  all  the  men  in  one  generation  are  either 
“brothers”  or  “brothers-in-law,”  and  men  and  women  are  to  one  an¬ 
other  either  siblings  (true  or  classificatory)  or  spouses  (true  or  classi- 
ficatory) .  Similarly,  children  are,  in  relation  to  the  adults,  either  sons 
and  daughters  (true  or  classificatory)  or  nephews  and  nieces,  which  is 
the  same  as  actual  or  potential  children-in-law.®  As  a  result,  there  is 
no  great  choice  of  terms  to  express  kinship,  and  this  explains  why  kin¬ 
ship  inside  the  band  may  appear  closer  than  it  actually  is,  and  kinship 
between  people  belonging  to  different  bands  more  remote  than  shown 
by  genealogies.  Furthermore,  a  bilateral  cross-cousin  marriage  sys¬ 
tem  functioning  in  a  relatively  small  tribe  must  produce  a  progressive 
narrowing,  and  even  a  multiplication,  of  the  kinship  ties  between  any 
two  individuals.  This  is  a  supplementary  reason  preventing  family 


'C.  L6vi-StrausF.  "The  Social  Use  of  Kinship  Terms  among  Brazilian  Indians.'* 
American  Anthropologist,  46  (3)  1943. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


21 


relationship  from  becoming  really  operative  in  the  constitution  of  the 
band.  It  can  be  said  that,  inside  the  band  as  well  as  between  the  dif¬ 
ferent  bands  which  are  the  offspring  of  the  same  temporary  village, 
everybody  is  everybody’s  kin,  in  pretty  much  the  same  fashion.  - 

Why  then  the  splitting-up  process?  Two  different  considerations 
must  be  brought  forth  to  answer  this  question.  From  an  economic  u 
point  of  view,  the  scarcity  of  wild  food  resources  and  the  subsequent 
high  square-mileage  needed  to  feed  one  individual  during  the  nomadic 
period  make  the  division  into  small  bands  almost  compulsory.  The 
real  question  is  not  why  there  is  a  division  but  rather  on  what  basis  it 
takes  place.  I  have  said  that  this  is  done  by  free  choice,  but  this  free¬ 
dom  is  not  arbitrary.  There  are,  in  the  initial  group,  several  men 
acknowledged  as  leaders  (who  likely  acquired  this  reputation  from 
their  behavior  during  the  nomadic  life)  and  who  make  the  relatively 
stable  nuclei  around  which  the  different  aggregates  center.  The  im¬ 
portance,  as  well  as  the  permanence  of  the  aggregate  through  successive 
years,  depend  largely  upon  the  ability  of  each  of  these  leaders  to  keep 
u  his  rank  and  eventually  to  improve  it.  Thus,  it  may  be  said  that  lead¬ 
ership  does  not  exist  as  a  result  of  the  band’s  needs,  but,  instead,  that 
the  band  receives  its  shape,  its  size,  and  even  its  origin,  from  the  poten-  9 
tial  leader  who  antedates  it. 

There  is,  however,  a  continuous  function  of  leadership,  although 
not  permaqently  assumed  by  the  same  individual.  Among  the  Nambi- 
kuara,  chieftainship  is  not  hereditary.  When  a  chief  grows  old,  or  is 
taken  ill,  and  when  he  does  not  feel  able  to  fulfill  his  heavy  duty  any 
more,  he  himself  designates  his  successor.  “This  one— this  one  will 
be  the  chief  .  .  .”  he  says.  It  seems  likely  that  this  autocratic  power 
to  insure  one’s  own  succession  is  more  apparent  than  real.  We  shall 
emphasize  later  on  the  small  amount  of  authority  enjoyed  by  the  chief  ^ 
and,  in  this  case  as  in  many  others,  the  final  decision  is  probably  pre¬ 
ceded  by  a  careful  survey  of  public  opinion,  the  designated  heir  being, 
at  the  same  time,  the  one  with  the  greater  support  from  the  members 
of  the  band.  The  appointment  of  the  new  chief  is  not  only  limited  by 
the  wishes  or  disapproval  of  the  band;  it  needs  also  to  correspond  to  the 
plans  of  the  individual  to  be  chosen.  Not  seldom,  does  the  offer  of 
leadership  meet  with  a  vehement  refusal:  “I  don’t  want  to  be  the  chief.” 
Then  a  new  choice  must  be  made.  As  a  matter  of  fact,  chieftainship 
does  not  seem  to  be  coveted  by  many  people,  and  the  general  attitude 
of  the  different  chiefs  I  happened  to  know  was  less  to  brag  about  their 
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importance  and  authority  than  to  complain  of  their  many  duties  and 
heavy  responsibilities.  What,  then,  are  the  privileges  of  the  chief, 
and  what  are  his  obligations? 

When,  about  1560,  the  great  French  moralist  of  the  sixteenth  cen¬ 
tury,  Montaigne,  met  in  Rouen  with  three  Brazilian  Indians' brought 
there  by  some  navigator,  he  asked  one  of  them  what  were  the  privi¬ 
leges  of  the  chief  (Montaigne  said,  “the  King”)  in  his  country;  and  the 
native,  himself  a  chief,  answered:  “To  walk  ahead  on  the  warpath.” 
Montaigne  related  this  story  in  a  famous  chapter  of  the  Essays  where 
he  wondered  a  great  deal  about  this  proud  definition*;  but  it  was  a 
greater  wonder  to  me  when,  almost  four  centuries  later,  putting  the 
same  question  to  my  informants  I  was  given  the  same  answer.  Civil¬ 
ized  countries  are  certainly  not  accustomed  to  such  constancy  in  the 
field  of  political  philosophy!  Striking  as  it  may  be,  this  answer  is  less 
significant  than  ^e  name  by  which  the  chief  is  designated  in  the  Nam- 
bikuara  language.  Uilikande,  the  native  word  for  chief,  seems  to  mean 
“the  one  who  unites”  or  “the  one  who  joins  together.”  This  etymology 
suggests  that  the  native  mind  is  fully  conscious  of  this  extremely  im¬ 
portant  phenomenon  which  I  have  pointed  out  from  the  beginning, 
namely,  that  the  leader  appears  as  the  cause  of  the  group’s  willingness 
to  aggregate  rather  than  as  the  result  of  the  need  for  a  central  authority 
»  felt  by  a  group  already  constituted. 

Personal  prestige  and  the  ability  to  inspire  confidence  are  thus 
the  foundations  of  leadership  in  Nambikuara  society.  As  a  matter  of 
fact,  both  are  necessary  in  the  man  who  will  become  the  guide  of  this 
adventurous  experiment:  the  nomadic  life  of  the  dry  season*  For  six 
or  seven  months,  the  chief  will  be  entirely  responsible  for  the  manage¬ 
ment  of  his  band.  It  is  he  who  orders  the  start  of  the  wandering  period, 
selects  the  routes,  chooses  the  stopping  points  and  the  duration  of  the 
stay  at  each  of  them,  whether  a  few  days  or  several  weeks.  He  also 
orders  and  organizes  the  hunting,  fishing,  collecting  and  gathering  ex¬ 
peditions,  and  determines  the  conduct  of  the  band  in  relation  to  neigh¬ 
boring  groups.  When  the  band’s  chief  is,  at  the  same  time,  a  village 
chief  (taking  the  word  village  with  the  restricted  meaning  of  semi-per¬ 
manent  dwelling  for  the  rainy  season),  his  duties  do  not  stop  there. 
He  will  determine  the  moment  when,  and  the  place  where,  the  group 
will  settle;  he  will  also  direct  the  gardening  and  decide  what  plants 

*  Michel  de  Montaigne.  “Des  Cannibales.”  Essais,  Livre  I,  XXXI  (End  of  the 
chapter). 
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are  to  be  cultivated;  and,  generally  speaking,  he  will  organize  the  occu¬ 
pations  according  to  the  seasons’  needs  and  possibilities. 

These  rather  versatile  duties,  it  should  be  pointed  out  from  the 
start,  are  not  facilitated  by  any  fixed  power  or  recognized  authority. 
Consent  is  at  the  origin  of  leadership,  and  consent,  too,  furnishes  the 
only  measure  of  its  legitimacy.  Disorderly  conduct  (according  to  the 
native  standards)  and  unwillingness  to  work  on  the  part  of  one  or  two 
discontented  individuals  may  seriously  jeopardize  the  chief’s  program 
and  the  welfare  o^is  small  group.  In  this  eventuality,  however,  the 
chief  has  no  coer^^ive  power  at  his  disposal.  The  eviction  of  the  bad 
people  can  take  place  only  in  so  far  as  the  chief  is  able  to  make  public 
feeling  coincide  with  his  own  opinion.  Thus,  he  must  continuously 
display  a  skill  belonging  more  to  the  politician  trying  to  keep  hold  of 
his  fiuctuating  majority  than  to  an  over-powt.  ‘.ng  ruler.  Furthermore, 
he  does  not  only  need  to  keep  his  group  together.  Although  the  band 
lives  practically  alone  and  by  itself  during  the  nomadic  period,  the 
existence  of  the  other  bands  is  not  forgotten.  It  is  not  enough  to  do 
well ;  the  chief  must  try — and  his  people  count  on  him  for  that — to  do 
better  than  the  others,  [y 

No  social  structure  is  weaker  and  more  fragile  than  the  Nambi- 
kuara  band.  If  the  chief’s  authority  appears  too  exacting,  if  he  keeps 
too  many  women  for  himself  (I  shall  later  analyze  the  special  features 
of  the  chief’s  polygamy) ,  or  if  he  does  not  satisfactorily  solve  the  food 
problem  in  times  of  scarcity,  discontent  will  very  likely  appear.  Then, 
individuals,  or  families,  will  separate  from  the  group  and  join  another 
band  believed  to  be  better  managed.  For  instance,  this  band  may  get 
better  fare  from  the  discovery  of  new  hunting  or  gathering  emplace¬ 
ments;  or  it  may  have  become  richer  in  ornaments  or  implements, 
through  trade  with  neighboring  groups,  or  more  powerful  as  a  result  of 
a  successful  war  expedition.  The  day  will  come  when  the  chief  finds 
himself  heading  a  group  too  small  to  face  the  problems  of  daily  life, 
and  to  protect  his  women  from  the  covetousness  of  other  bands.  In 
such  cases,  he  will  have  no  alternative  but  to  give  up  his  command  and 
to  rally,  together  with  his  last  followers,  a  happier  faction.  There¬ 
fore,  Nambikuara  social  'structure  appears  continuously  on  the  move. 
The  bands  take  shape,  then  disorganize,  they  increase  and  they  vanish. 
Within  a  few  months,  sometimes,  their  composition,  number  and  dis¬ 
tribution  cannot  be  recognized.  Political  intrigues  within  the  same 
band  and  conflicts  between  bands  impose  their  rhythm  upon  these  flue- 
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tuations,  and  the  ascent  or  decline  of  individuals  and  groups  follow 
each  other  in  a  rather  surprising  manner. 

How  will  the  chief  be  able  to  overcome  these  difficulties?  The 
first  instrumental  force  of  his  power  lies  in  his  generosity.  Generosity 
^  — an  all  important  feature  of  chieftainship  among  most  primitive 
peoples,  especially  in  America — ^plays  an  outstanding  part  even  on 
those  crude  cultural  levels  where  worldly  goods  are  limited  to  the  most 
primitive  weapons  and  tools,  coarse  ornaments  made  of  feathers,  shells 
and  bones,  and  raw  materials,  such  as  lumps  of  rosin  and  wax,  hanks 
of  fiber  and  splinters  of  bamboo  for  arrow-making.  There  cannot  be 
great  economic  distinctions  between  families  each  of  which  can  pack 
^  all  of  its  belongings  in  the  baskets  carried  along  by  the  women  during 
the  long  travels  of  the  dry  season.  But,  although  the  chief  does  not 
seem  to  fare  better,  in  this  respect,  than  the  others,  he  must  always 
{/  have  at  hand  surpluses  of  food,  tools,  weapons,  ornaments  which,  while 
being  small  indeed,  acquire  great  value  because  of  the  scarcity  which  is 
the  prevalent  condition.  When  an  individual,  a  family  or  the  band  itself 
needs  or  covets  something,  the  chief  is  called  upon  to  secure  the  de¬ 
sired  article.  Generosity  is  the  quality,  much  speculated  on,  which  is 
expected  of  a  new  chief.  Generosity  is  the  string  constantly  struck 
which  makes  the  general  consent  to  one’s  leadership  sound  clear  or  out 
of  tune.  There  is  little  doubt  that,  in  this  respect,  the  chief’s  ability 
to  give  is  exploited  to  the  utmost.  Band  chiefs  used  to  be  my  best  in¬ 
formants,  and,  well  aware  of  their  difficult  position,  I  liked  to  reward 
them  liberally;  but  I  seldom  saw  one  of  my  many  gifts  remain  in  their 
hands  for  more  than  a  few  days.  Each  time  I  took  leave  of  a  band, 
after  a  few  weeks  or  a  few  months,  its  members  had  time  to  become 
the  happy  hoarders  of  axes,  knives,  beads,  and  so  on.  As  a  rule,  how¬ 
ever,  the  chief  was  exactly  as  poor  as  at  my  first  arrival.  Everything 
he  had  received  from  me  (and  this  was  considerably  more  than  the 
average)  had  already  been  squeezed  out  of  him.  This  collective  greedi¬ 
ness  not  seldom  drives  the  chief  to  an  almost  desperate  position;  then 
the  refusal  to  give  plays  about  the  same  part,  in  this  primitive  democ¬ 
racy,  as  the  threat  to  resign  followed  by  a  vote  of  confidence  in  a 
modem  parliament.  When  a  chief  reaches  the  point  where  he  must 
say:  “To  give  away  is  over!  To  be  generous  is  over!  Let  another  be 
generous  in  my  place!’’,  he  must,  indeed,  be  sure  of  his  power  and  pres¬ 
tige,  for  his  rule  is  undergoing  its  severest  crisis.  / 

Ingenuity  is  but  the  intellectual  form  of  generosity.  / A  great  deal 
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of  skill  and  initiative  are  the  prerequisites  of  a  good  leader.  It  is  he 
who  makes  the  arrow-poison,  although  the  preparation  of  curare  among 
the  Nambikuara  is  a  purely  profane  activity  surrounded  by  no  cere¬ 
monial  taboos  or  magic  prescriptions.  It  is  he,  also,  who  makes  the 
rubber  ball  used  in  the  head-ball  games  which  are  played  occasionally. 
The  chief  must  be  a  good  singer  and  dancer,  a  merrymaker  always 
ready  to  cheer  up  the  band  and  to  brighten  the  dullness  of  daily  life. 
This  could  easily  lead  to  shamanism;  and,  in  some  cases,  I  have  met 
with  chiefs  who  were  at  the  same  time  healers  and  trance  addicts. 
Mystical  life,  however,  is  kept  in  the  background  among  the  Nambi¬ 
kuara,  and,  wherever  they  exist,  magical  functions  are  only  secondary 
attributes  of  the  leader.  More  often  chieftainship  and  sorcery  are 
divided  between  two  different  individuals.  In  this  respect,  there  is  a 
strong  difference  between  the  Nambikuara  and  their  northwestern 
neighbors  the  Tupi-Kawahib  among  whom  the  chief  is,  first  of  all,  a 
shaman,  usually  a  psychotic  addicted  to  dreams,  visions,  trances  and 
impersonations.  >  ,■ 

But  although  they  are  oriented  in  a  more  positive  direction,  the 
Nambikuara  chief’s  skill  and  ingenuity  are  none  the  less  amazing.  He 
mustj  have  a  perfect  knowledge  of  the  territories  haunted  by  his  and 
other  groups,  be  familiar  with  the  hunting  grounds,  the  location  of 
fruit-bearing  trees  and  the  time  of  their  ripening,  have  some  idea  of 
the  itineraries  followed  by  other  bands,  whether  hostile  or  friendly. 
Therefore,  he  must  travel  more,  and  more  quickly,  than  his  people,  have 
a  good  memory,  and  sometimes  gamble  his  prestige  on  hazardous  con¬ 
tacts  with  foreign  and  dangerous  people.  He  is  constantly  engaged 
in  some  task  of  reconnoitering  and  exploring,  and  seems  to  fiutter 
around  his  band  rather  than  lead  it. 

Except  for  one  or  two  men  without  actual  power,  but  eager  to  co¬ 
operate  and  to  receive  occasional  rewards,  the  passivity  of  the  band 
makes  a  strong  contrast  with  its  dynamic  leader.  It  seems  as  if  the 
band,  having  relinquished  certain  advantages  to  the  chief,  were  in  ex¬ 
change  relying  entirely  upon  him  for  its  interests  and  safety.  I  re¬ 
ceived  a  particularly  striking  demonstration  of  this  under  rather  strange 
circumstances.  After  several  weeks’  discussion,  I  had  obtained  from  a 
chief  the  favor  of  taking  me,  together  with  a  few  companions  and  some 
animals  loaded  with  presents,  to  the  semi-permanent  dwellings  of  his 
band  which  were  uninhabited  at  that  time.  This  was  a  chance  for  me 
to  penetrate  more  deeply  into  the  unexplored  Nambikuara  territory 
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and  to  meet  groups  too  shy  to  venture  forth  on  the  outer  fringe.  The 
native  band  and  my  own  group  set  out  together  on  a  journey  supposed 
to  be  short;  but,  because  of  the  animals  1  had  taken,  the  chief  had  de¬ 
cided  that  the  usual  route  through  a  dense  forest  could  not  be  used. 
He  led  us  through  the  open  country,  lost  his  way  several  times,  and 
we  did  not  reach  our  destination  on  the  scheduled  day.  Supplies  were 
exhausted  and  no  game  was  in  sight.  The  not  unfamiliar  prospect  of 
a  foodless  day  fell  gloomily  upon  the  natives.  But,  this  time,  it  was 
the  chief’s  responsibility.  The  whole  project  was  his  own,  as  well  as 
the  attempt  to  find  an  easier  route.  So,  instead  of  trying  to  discover 
food,  the  hungry  natives  simply  lay  down  in  the  shadow  of  the  brush 
and  waited  for  their  leader  to  take  them  out  of  this  most  unpleasant 
situation.  He  did  not  wait  or  discuss;  but,  taking  the  incident  as  a 
matter  of  course,  he  simply  left  the  camp  accompanied  by  one  of  his 
wives.  At  the  camp,  the  day  was  spent  sleeping,  gossiping  and  com¬ 
plaining.  There  was  no  lunch  or  dinner.  But,  late  at  dusk,  the  chief 
and  his  wife  reappeared,  both  heavily  laden  with  baskets  filled  to  the 
brim.  They  had  hunted  grasshoppers  the  entire  day,  and,  although  the 
expression  “to  eat  grasshoppers”  has  approximately  the  same  meaning 
in  Nambikuara  as  the  French  manger  de  la  vache  enragee,’^  this  food 
was  enthusiastically  received,  shared  and  consumed,  amidst  restored 
good  humor.  The  following  morning,  everybody  armed  himself  or 
herself  with  a  leafless  twig  and  went  grasshopper-hunting. 

I  have  several  times  referred  to  the  chief’s  wives.  Polygamy, 
which  is  practically  the  chief’s  privilege,  brings  him  a  moral  and  sen¬ 
timental  reward  for  his  hea%y  duties  together  with  the  practical  means 
of  fulfilling  them.  In  the  Nambikuara  band,  apart  from  rare  excep¬ 
tions,  only  the  chief  and  the  sorcerer  (when  these  functions  are  divided 
between  two  individuals)  may  have  several  wives.  The  chief’s  polyg¬ 
amy,  however,  presents  special  features.  It  does  not  constitute  a  plural 
marriage  but  rather  a  monogamous  marriage  to  which  relations  of  a 
different  nature  are  added.  I  have  already  mentioned  the  fact  that 
cross-cousin  marriage  is  the  usual  pattern  among  the  Nambikuara. 
Another  type  of  marriage  also  exists,  between  a  man  and  a  woman  be¬ 
longing  to  the  generation  following  his  own,  either  a  wife’s  “daughter” 
(true  or  classificatory)  or  a  sister’s  niece. .  Both  forms  are  not  uncom¬ 
mon  in  South  America  and,  together  or  separately,  they  have  been  re- 


'Closest  English  equivalent:  “to  have  a  rough  time  of  it,  to  go  through  the  mill.” 
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corded  among  many  tribes.  Now,  what  do  we  find  in  the  chief’s  case? 
There  is  first  a  monogamous  marriage  of  the  cross-cousin  type,  that  is, 
where  the  wife  belongs  to  the  same  generation  as  her  husband.  This 
first  wife  plays  the  same  part  as  the  monogamous  wife  in  ordinary 
marriages.  She  follows  the  sexual  pattern  of  the  division  of  labor,  tak¬ 
ing  care  of  the  children,  doing  the  cooking,  and  collecting  and  gather¬ 
ing  wild  food.  To  this  marriage  are  added  one  or  several  unions, 
which,  technically,  are  true  marriages,  but  of  a  different  type.  Usually, 
the  secondary  wives  belong  to  a  younger  generation.  The  first  wife 
calls  them  daughters  or  nieces.  Besides,  they  do  not  follow  the  sexual 
pattern  of  the  division  of  labor,  but  share  indifferently  in  men’s  or 
women’s  activities.  At  the  camp,  they  disdain  domestic  tasks  and 
remain  idle,  either  playing  with  the  children  to  whose  generation  they 
belong  or  flirting  with  their  husband,  while  the  first  wife  keeps  busy 
with  the  food  and  the  fire.  On  the  contrary,  when  the  chief  leaves 
on  an  exploration,  a  hunt,  or  some  other  manly  task,  they  will  accom¬ 
pany  him  and  bring  him  their  moral  and  physical  help.  These  some¬ 
what  “tomboy”  girls,  elected  by  the  chief  from  among  the  prettiest  and 
healthiest  of  the  group,  are  to  him  rather  “girl-friends”  than  spouses. 
They  live  on  the  basis  of  an  amorous  friendship  which  contrasts 
strongly  with  the  more  conjugal  atmosphere  of  the  first  marriage. 

This  system  exerts  a  tremendous  influence  upon  the  whole  life  of 
the  group.  The  periodical  withdrawal  by  the  chief  of  young  women 
from  the  regular  cycle  of  marriages  creates  a  permanent  unbalance 
within  the  group,  between  the  number  of  boys  and  girls  of  marriageable 
age.  Young  men  are  the  chief  victims  of  that  situation  and  must 
either  remain  bachelors  for  several  years  or  marry  widows  or  old 
women  discarded  by  their  husbands.  Thus,  the  right  to  plural  mar¬ 
riages  represents  a  concession  of  considerable  importance  made  by  the 
group  to  its  leader.  What  does  it  mean  from  the  latter’s  point  of  view? 
There  is  little  doubt  that  access  to  young  and  pretty  girls  brings  him  a 
much  appreciated  gratification,  not  so  much  from  the  physical  side 
(as  the  Nambikuara  share  in  the  quiet  dispositions  of  most  South 
American  tribes) ,  as  from  the  psychological  and  sentimental  one.  But, 
above  all,  plural  marriage,  together  with  its  distinctive  features,  con¬ 
stitutes  the  technical  means  and  the  functional  device  placed  at  the 
chief’s  disposal  by  the  group  to  enable  him  to  carry  out  his  exacting 
duties.  Left  by  himself,  he  could  hardly  do  more  than  the  others. 
His  secondary  wives,  freed  by  their  special  status  from  the  customarv 
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liabilities  of  their  sex,  are  his  helpers,  comforters  and  assistants.  They 
are,  at  the  same  time,  leadership’s  prize  and  instrument.  Can  it  be 
said,  from  the  native  point  of  view,  that  the  prize  is  worth  the  trouble? 
To  answer  that  question,  I  shall  now  have  to  consider  the  problem 
from  a  broader  angle,  namely,  what  does  this  elementary  social  struc¬ 
ture,  the  Nambikuara  band,  teach  us  about  leadership,  its  basis  and 
its  function? 

There  is  a  first  point  which  does  not  require  great  elaboration. 
Nambikuara  data  contribute,  with  many  others,  to  destroy  the  belief 
originated  by  early  anthropologists,  and  temporarily  revived  by  psycho¬ 
analysis,  that  the  primitive  chief  could  find  his  prototype  in  a  sym¬ 
bolical  father,  and  that  the  simpler  forms  of  the  State  could  pro¬ 
gressively  have  grown  out  of  the  family.  We  have  found  at  the  root 
of  the  crudest  forms  of  chieftainship  a  decisive  step,  which  introduced 
something  entirely  new  in  respect  to  biological  relations — and  this  step 
jonsists  of  consent.  Consent,  we  have  seen,  is  at  the  same  time  the 
origin  and  the  limit  of  leadership.  ^Unilateral  relations  such  as  right 
of  age,  autocratic  power,  or  others,  may  appear  in  groups  having  an 
already  complex  structure.  In  simple  forms  of  social  organization, 
such  as  the  one  I  have  tried  to  describe,  they  are  inconceivable.  Here, 
jOn  the  contrary,  the  relationship  between  the  chief  and  the  group  can 
pe  seen  as  a  perpetual  process  of  arbitration  where  the  chief’s  talents 
and  authority  on  the  one  hand  and  the  group’s  size,  cohesion  and  willing- 
/ness,  on  the  other,  constantly  react  on  and  influence  each  other.  If  I 
I  had  the  time,  and  if  it  were  not  so  far  removed  from  my  topic,  I  would 
'  have  liked  to  show  what  considerable  support  modern  anthropological 
observations  bring,  in  this  respect,  to  the  analysis  of  the  eighteenth 
century  social  philosophers.  I  am  well  aware  of  the  fact  that  Rous¬ 
seau’s  “social  contract,’’  which  is  the  step  by  which  individuals  resign 
their  autonomy  in  favor  of  the  General  Will,  is  entirely  different  from 
the  nearly  contractual  relations  existing  between  the  chief  and  his  fol¬ 
lowers.  It  remains  true,  however,  that  Rousseau  and  his  contempo¬ 
raries  displayed  a  keen  sociological  feeling  when  they  understood  thaf 
cultural  attitudes  and  elements  such  as  “contract”  and  “consent”  are 
not  the  result  of  secondary  processes,  as  claimed  by  their  opponents; 
they  are  culture’s  raw  materials,  and  it  is  impossible  to  conceive  a  po¬ 
litical  or  social  organization  in  which  they  would  not  already  be  present. 
If  I  understand  correctly,  the  recent  analysis,  by  modern  American 
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anthropologists,  of  the  state-growth  significance  of  noilitary  societies 
among  the  Plains  Indians  leads  to  exactly  the  same  conclusion  * 

My  second  point  is  but  an  exemplification  of  the  first:  consent  is 
the  psychological  basis  of  leadership,  but  in  daily  life  it  expresses  it¬ 
self  in,  and  is  measured  by,  a  game  of  give-and-take  played  by  the 
chief  and  his  followers,  and  which  brings  forth,  as  a  basic  attribute  of 
leadership,  the  notion  of  reciprocity!?  The  chief  has  power,  but  he 
must  be  generous.  He  has  duties,  but  he  is  entitled  to  several  wives. 
Between  him  and  the  group,  there  is  a  perpetual  balance  of  prestations, 
privileges,  services  and  obligations.  The  notion  of  reciprocity,  origi¬ 
nated  by  Marcel  Mauss,  was  brilliantly  analyzed  by  Malinowski  in 
his  “Crime  and  Custom  in  Savage  Society.”  In  respect  to  leadership, 
he  says:  “The  claims  of  chief  over  commoners,  husband  over  wife, 
parent  over  child  and  vice  versa  are  not  exercised  arbitrarily  and  one- 
sidedly,  but  according  to  definite  rules,  and  arranged  into  well-balanced 
chains  of  reciprocal  services.”^  This  statement  needs  somewhat  to  be 
completed.  Malinowski  is  right  when  he  points  out  that  the  chief- 
commoners’  relationship,  as  every  relationship  in  primitive  society,  is 
based  on  reciprocity.  In  the  first  case,  however,  the  reciprocity  is  not 
of  the  same  type  as  in  the  others.  In  any  human  society,  whether 
primitive  or  civilized,  two  different  cycles  of  reciprocity  are  constantly 
at  work:  first,  the  chain  of  individual  prestations  linking  the  isolated 
members  of  the  group;  and,  next,  a  relation  of  reciprocity  binding  the 
group  considered  as  group  (not  as  a  collection  of  individuals)  and  its:/ 
ruler.  In  the  case  we  have  studied,  this  is  well  illustrated  by  the  rules 
of  marriage.  Taken  in  its  broadest  sense,  the  incest  prohibition  means 
that  everybody  in  the  group  is  obliged  to  deliver  his  sister  or  daughter 
to  an  individual;  and,  conversely,  is  entitled  to  receive  his  wife  from 
the  latter  (whether  from  the  same  man,  as  in  exchange-marriage,  or 
from  a  different  one).  Thus,  a  continuous  chain  of  reciprocal  pres¬ 
tations  is  directly  or  indirectly  set  up  between  all  the  collective  or  in¬ 
dividual  members  of  the  group.®  This  may  be  called  qualitative  reci¬ 
procity;  but  incest  prohibition  also  provides  the  basis  for  a  quantita- 


•  R.  H.  Lowie.  1927.  The  Origin  of  the  State:  76-107;  New  York.  K.  N. 

Llewellyn  ft  E.  A.  Hoebel.  1941.  The  Cheyenne  Way.  Part  II,  ch.  5. 
University  of  Oklahoma  Press. 

*  B.  Malinowski.  1940.  Crime  and  Custom  in  Savage  Society:  46.  New  York. 

(Third  Printing). 

'See  the  late  F.  E.  Williams'  remarkable  analysis  in  "Papuans  of  the  Trans-Fly”: 
167-169.  Clarendon  Press.  Oxford.  1936. 
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tive  reciprocity.  We  may  consider  it  as  a  “freezing”  measure,  which, 
while  it  forbids  the  appropriation  of  women  who  are  at  one’s  natural 
disposal,  prepares  the  formulation  of  marriage  rules  allowing  every 
man  to  get  a  wife.  Therefore,  a  close  relationship  exists  in  a  given 
\/  society  between  the  forbidden  degrees  and  the  extent  to  which  polygamy 
is  allowed.  How  does  the  preceding  apply  to  the  Nambikuara?  If 
they  had  cross-cousin  marriage  associated  exclusively  with  monogamy, 
there  would  be  a  perfectly  simple  system  of  reciprocity  (from  the  in¬ 
dividual’s  point  of  view)  both  qualitative  and  quantitative.  This 
theoretical  formula  is,  however,  upset  by  the  chief’s  privilege  to  polyg¬ 
amy.  The  withholding  of  the  simpler  rule,  in  favor  of  the  chief,  cre¬ 
ates  for  each  individual  an  element  of  insecurity  which  would  other¬ 
wise  not  exist.  Let  us  state  this  in  other  terms:  the  granting  of  polyga¬ 
mous  privilege  to  the  chief  means  that  the  group  has  exchanged  indi- 
\y  mdual  elements  0/  security  resulting  from  the  monogamous  rule  for 
\ollective  security  provided  by  leadership.  Each  man  receives  a  wife 
from  another  man,  but  the  chief  receives  several  wives  from  the  group. 
In  exchange,  he  offers  to  guarantee  against  need  and  danger,  not  to  the 
individuals  whose  sisters  or  daughters  he  marries ;  not  to  those  who  will 
be  deprived  of  a  spouse  by  his  polygamous  right;  but  to  the  group, 
taken  as  a  whole.  For  it  is  the  group,  taken  as  a  whole,  which  has 
withheld  the  common  law  in  his  favor.  The  preceding  considerations 
may  have  some  bearing  upon  the  theory  of  plural  marriage;  but,  most 
of  all,  they  remind  us  that  the  interpretation  of  the  State,  conceived 
as  a  security  system,  recently  revived  by  discussions  about  a  national 
insurance  policy  (such  as  the  Beveridge  plan  and  others),  is  not  a 
modem  development.  It  is  a  return  to  the  basic  nature  of  social  and 
political  organization. 

So  much  for  the  group’s  point  of  view  on  leadership.  What  about 
the  chief’s  own  attitude  in  relation  to  his  function?  What  is  his  incen¬ 
tive  in  assuming  duties  of  which  I  have  given  a  not  too  favorable  ac¬ 
count?  We  saw  that  the  Nambikuara  band  leader  has  a  tiresome  and 
exacting  role ;  that  he  must  exert  himself  without  pause  to  maintain  his 
position.  What  is  more,  if  he  does  not  constantly  improve  it,  he  runs 
(the  risk  of  losing  what  he  has  taken  months  or  years  to  achieve.  This 
explains  why  many  men,  as  I  have  already  said,  shun  leadership.  But 
why  do  others  accept  and  even  seek  it?  It  is  always  diflBcult  to  ap¬ 
praise  psychological  motives;  and  the  task  is  almost  impossible  when 
a  culture  totally  alien  to  our  own  is  considered.  I  venture  to  say. 
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however,  that  the  polygamous  privilege,  highly  valued  as  it  may  be 
from  the  point  of  view  of  sexual  gratification,  sentimental  appeal  and 
social  prestige,  would  not  suflBce  to  determine  a  leader’s  vocation.'-^ 
Plural  marriage  is  but  a  technical  prerequisite  of  chieftainship;  its 
individual  value  can  only  be  residual.^  There  must  be  something  more; 
and,  going  over  the  moral  and  psychological  features  of  the  Nambi- 
kuara  chiefs  I  knew,  and  trying  to  hold  on  to  those  fugitive  and  irre¬ 
placeable  glimpses  at  their  intimate  selves  (of  which  no  scientific  ap¬ 
proach  may  certify  the  accuracy,  but  which  gain,  from  a  deep  feeling  of 
friendship  and  human  communication,  some  sort  of  intuitive  value),  I 
feel  imperiously  led  to  this  answer:  there  are  chiefs  because  there  are, 
in  any  human  group,  men  who,  unlike  most  of  their  companions,  enjoy . 

\/  prestige  for  own  sake,  feel  a  strong  appeal  to  responsibility,  and  to  [ 
whom  the  burden  of  public  affairs  brings  its  own  reward.  These  in¬ 
dividual  differences  are  certainly  emphasized  and  “played  up”  by  the 
different  cultures,  and  to  unequal  degrees.  But  their  clear-cut  exist¬ 
ence  in  a  society  as  little  competitive  as  the  Nambikuara  styongly  sug¬ 
gests  to  my  mind  that  their  origin  itself  is  not  cultural.,  They  are 
rather  part  of  those  psychological  raw  materials  out  of  which  any  given 
culture  is  made.  Men  are  not  all  alike;  and,  in  primitive  societies, 
believed  by  early  anthropologists  to  be  overwhelmed  by  the  crushing 
power  of  custom,  these  individual  differences  are  as  keenly  perceived 
and  worked  out  as  in  our  so-called  “individualistic”  civilization. 

It  is  remarkable  how  far  the  practical  experience  of  colonial  ad¬ 
ministrators  has  outgrown,  in  relation  to  the  previous  considerations, 
anthropologists’  theoretical  studies.  During  the  past  twenty  years, 
Lowie’s  pessimistic  appraisal  of  anthropological  work  in  the  field  of 
political  institutions®  has  certainly  not  lost  its  value.  We  have  much 
to  learn  from  the  scientifically  untrained  who  deal  with  native  institu¬ 
tions.  I  shall  not  here  record  Lyautey’s  testimony  without  reserva¬ 
tion:  “In  every  society,  there  is  a  leading  class  born  for  leadership  and 
without  which  nothing  can  be  accomplished.”^®  What  may  be  true  for 
the  simpler  structures  cannot  be  considered  equally  valid  when  consid¬ 
ering  the  complex  ones,  where  the  function  of  leadership  does  not 
manifest  itself  any  more  in  a  “pure”  state.  But  let  us  listen  to  Eboue 
who  passed  away  a  few  months  ago.  Himself  a  full-blooded  negro,  he 

•  At  the  banning  of  Chapter  XIII  of  “Primitive  Society.” 

“Quoted  in:  Governor-General  Felix  Ebou6’s  Memorandum  on  “Native  Policy,” 
issued  on  November  8,1942. 
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wrote  the  following  when  he  was  Governor-General  of  French  Equa¬ 
torial  Africa  in  special  relation  to  those  nomadic  tribes  which,  as  he 
put  it,  “live  under  a  regime  of  organized  anarchy.”  I  quote:  “Who 
is  to  be  chief?  I  shall  not  answer,  as  was  the  custom  in  Athens,  ‘the 
best.’  There  is  no  best  chief,  there  is  just  a  chief;”  and  further;  “the 
chief  is  not  interchangeable  .  .  .  the  chief  pre-exists.””  This  is  pre¬ 
cisely-  what  was  suggested  to  us  from  the  start  of  our  analysis  of  Nam- 
bikuara  society. 

In  conclusion,  I  submit  that,  when  developing  the  study  of  politi¬ 
cal  institutions,  anthropologists  will  have  to  pay  more  and  more  atten- 
^  tion  to  the  idea  of  “natural  leadership.”  I  am  well  aware  that  this 
expression  is  almost  contradictory.  There  is  no  possible  form  of  lead¬ 
ership  which  does  not  receive  its  shape  and  specification  inside  of  a 
given  cultural  context.  But  this  expression  can  be  taken  as  a  border¬ 
line  case,  or  as  a  limit — as  say  the  mathematicians.  While  the  limit 
can  never  be  reached,  simple  social  structures  give  us,  in  the  order  of 
their  simplicity,  an  even  closer  approximation  of  it.  In  such  studies, 
we  may  accordingly  foresee  a  privileged  field  for  close  cooperative 
work  between  anthropology  and  individual  psychology. 


“ZWd. 
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SECTION  OF  PHYSICS  AND  CHEMISTRY 
OCTOBEB  27  AND  28,  1944 

Conference  on  “The  Diffusion  of  Electrolytes  and  Macromolecules  in 
Solution.” 

The  Section  of  Physics  and  Chemistry  held  a  Conference  on  “The 
Diffusion  of  Electrolytes  and  Macromolecules  in  Solution,”  as  the  first 
in  the  series  for  the  Academic  Year  1944-1945.  Doctor  Lewis  G. 
Longsworth,  Rockefeller  Institute  for  Medical  Research,  New  York, 
N.  Y.,  was  the  Conference  Chairman  in  charge  of  the  meeting. 

The  program  consisted  of  the  following  papers: 

“Introduction  to  the  Conference — ^A  Historical  Survey,”  by  Lewis 
G.  Longsworth. 

“Theories  and  Problems  of  Liquid  Diffusion,”  by  Lars  Onsager, 
Yale  University. 

“A  Conductance  Method  for  the  Determination  of  the  Diffusion 
CoeflBcients  of  Electrolytes,”  by  Herbert  S.  Hamed  and  Douglas  M. 
French,  Yale  University. 

“The  Diaphragm  Cell  Method  of  Measuring  Diffusion,”  by  A.  R. 
Gordon,  University  of  Toronto. 

“Diffusion  Constant  Measurement  in  Theory  and  Practice,”  by 
Edward  M.  Bevilacqua,  Ellen  B.  Bevilacqua  and  Margaret  M.  Bender, 
University  of  Wisconsin. 

“The  Effects  of  Concentration  and  Polydispersity  on  the  Diffusion 
Constants  of  High  Polymers,”  by  C.  0.  Beckmann  and  J.  L.  Rosen¬ 
berg,  Columbia  University. 
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NEW  MEMBERS 

Elected  from  May  16, 1944  to  October  6, 1944. 


SUSTAINING  MEMBERS 

Feinstein,  Robert  R.,  Industrial  Hygiene,  Chemistry,  Garden  Chemists,  Inc., 
Garden  City,  Long  Island,  New  York,  N.  Y. 

ACTIVE  MEMBERS 

Ayo,  Corrado,  M.D.,  Bacteriology,  Volunteer  in  Surgical  Pathology,  College  of 
Physicians  and  Surgeons,  New  York,  N.  Y. 

Baron,  Harry,  MB.,  Instructor  in  Biochemistry,  New  York  Medical  College,  New 
York,  K  Y. 

Berger,  Howard  H.,  M.S.,  Chief  Chemist,  Middletown  Rubber  Company,  Middle- 
town,  Conn. 

Bloch,  Helen  I.,  B.A.,  Physics  and  Chemistiy,  Assistant  Laboratory  Officer  (En¬ 
sign),  U.  S.  Naval  Hospital,  Oakland,  Calif. 

Bolanovich,  Daniel  Jackson,  M.A.,  Applied  Psychology,  Personnel  Planning  and 
Research  Staff  Member,  Radio  Corporation  of  America,  Camden,  N.  J. 

Burk,  Dean,  PhJD.,  Biochemistry,  Senior  Chemist,  National  Cancer  Institute,  Na¬ 
tional  Institute  of  Health,  United  States  Public  Health  Service,  Bethesda, 
Md. 

Colosi,  Natale,  Ph.D.,  Professor  of  Bacteriology  and  Public  Health,  Wagner  Col¬ 
lege,  Staten  Island,  N.  Y. 

D’Alelio,  Gaetano  F.,  Ph.D.,  High  Polymers,  Director  of  Research,  Pro-phy-lac-tic 
Brush  Company,  Florence,  Mass. 

Furth,  Jacob,  MD.,  Experimental  Medicine,  Associate  Professor  of  Pathology, 
Cornell  University  Medical  College,  New  York,  N.  Y. 

Gomez,  Eliseo  T.,  Ph.D.,  Physiolo^,  Endocrinology,  Formerly  Assistant  Physiolo- 

,  gist,  U.  S.  Department  of  Agriculture;  Private,  U.  S.  Army  Air  Force,  Bolling 
Field.  D.  C. 

Hirning,  L.  Clovis,  M.D.,  Psychology  and  Biology,  Acting  Chief  Psychiatrist, 
Grasslands  Hospital,  Valhalla,  N.  Y. 

Keeffe,  George  C.,  Ch.E.,  MB.,  Associate  Professor  in  Chemical  Engineering, 
Newark  College  of  Engineering,  Newark,  N.  J. 

Leathern,  James  Hain,  Ph.D.,  Endocrinology,  Assistant  Professor  of  Zoology.  Rut¬ 
gers  University,  New  Brunswick,  N.  J. 

leBeau,  D.  S.,  Ph.D.,  Colloids,  Research  Associate,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 

Loewi,  Otto,  MD.,  Biology,  Psychology,  Biochemistry,  Research  Professor,  New 
York  University  College  of  Medicine,  New  York,  N.  Y. 

Lowenstein,  Bertrand  E.,  M.D.,  Endocrinology  and  Metabolism,  Research  Fellow 
in  Medicine,  New  York  Post-Graduate  School  and  Hospital,  New  York,  N.  Y. 

Mueller,  J.  Howard,  Ph.D.,  Professor  of  Bacteriology  and  Immunology,  Harvard 
Medical  School,  Boston,  Mass. 

Oglesby,  Nicholas  E.,  Ph.D.,  Chemistry,  Technical  Director.  Behr-Manning  Cor¬ 
poration,  Troy,  N.  Y. 

Patterson,  Arthur  L.,  Ph.D.,  Physics  and  Crystallography,  Associate  Professor  of 
Physics,  Bryn  Mawr  College,  Bryn  Mawr,  Pa. 

Posnansky,  Arthur,  Archaeology,  Anthropology,  President,  Sociedad  Geografica  de 
la  Paz,  La  Paz,  Bolivia. 
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Ro^,  Arthur  M.,  Jr.,  PhJ).,  Physical  Chemistry,  Research  Chemist,  S.  A.  M. 
Laboratory,  Columbia  University,  New  York,  N.  Y. 

Scheerer,  Martin,  PhD.,  Instructor  in  Psychology,  College  of  the  City  of  New 
York.  Lecturer  in  Psychology,  Columbia  University  Extension,  New  York, 
N.  Y, 

Schmidt,  Alois  X.,  Ch.E.,  M.A.,  High  Polymers.  Instructor  in  Chemical  Engineer¬ 
ing,  College  of  the  City  of  New  York,  New  York,  N.  Y. 

Sklar,  Alfred  Lee,  Ph.D.,  Molecular  Structure,  Assistant  Professor  of  Chemistry, 
Catholic  University,  Washington,  D.  C. 

Somberg,  Ethel  W.,  B.A.,  Biochemistry,  Assistant  Research  Chemist,  V.  D.  Re¬ 
search  Laboratory,  U.  S.  Marine  Hospital,  Stapleton,  Staten  Island,  N.  Y, 

Steingiser,  Samuel,  MB.,  Physical  Chemistry,  Magneto-optics.  Assistant  Chemist, 
University  of  Chicago,  Chicago.  Ill. 

Supplee,  George  C.,  Ph.D.,  Physiological  Chemistry’  and  Biochemistry,  President 
and  Technical  Director,  G.  C.  Supplee  Research  Corporation.  Bainbridge,  N,  Y. 

Wintersteiner,  Oskar  Paul,  Ph.D.,  Organic  Chemistry,  Biochemist^,  Head,  Divi¬ 
sion  of  Organic  Chemistry,  Squibb  Institute  for  Me  ^ical  Research.  New 
Brunswick,  N.  J, 

Wolf,  William,  M.D.,  MB.,  PhD.,  Consulting  Endocrinologist,  New  York  Univcr- 
.sity  School  of  Dentistry,  and  Misericorfia  Hospital,  New  York,  N.  Y. 

-ASSOCIATE  MEMBERS 

Armstrong,  Robert  T.,  PhD.,  Physical-Organic  Chemistry,  Research  Chemist, 
North  American  Rayon  Corporation,  Johnson  City,  Tenn. 

Ashby,  William  Ross,  M.A.,  MD.,  B.Ch.,  Psj’chiatry,  Psychology,  Mathematics, 
Pathology,  St.  Andrew’s  Hospital,  Northampton,  England. 

Bernstein,  Jack,  PhD.,  Organic  Chemistry,  Research  Associate,  Division  of 
Medicinal  Chemistry,  The  Squibb  Institute  for  Medical  Research,  New  Bruns¬ 
wick,  N.  J. 

Brice,  Brooks  A.,  Ph.D.,  Physical  Chemistry, ’Senior  Chemist,  Eastern  Regional 
Research  Laboratory,  U.  S.  Department  of  Agriculture,  Philadelphia,  Pa. 

Davies,  Philip  W.,  Ph.D.,  Biophysics  of  the  Ner\’ous  System,  Fellow  in  Bio¬ 
physics,  Johnson  Foundation,  University  of  Pennsylvania.  Philadelphia,  Pa. 

Dougherty,  Thomas  F.,  Ph.D.,  Haematology,  Instructor,  Department  of  Anatomy, 
Yale  University,  New  Haven,  Conn. 

Engel,  Frank  L.,  MD.,  Physiological  Chemistry,  Medicine,  Research  Assistant, 
Department  of  Physiological  Chemistry,  Yale  University  School  of  Medicine, 
New  Haven.  Conn. 

Flower,  Rousseau  H.,  PhD.,  Invertebrate  Paleontology,  Stratigraphy,  Temporary 
Expert,  New  York  State  Museum,  Albany,  N.  Y. 

Frasier,  Chester  North,  M.D.,  Professor  of  Dermatology  and  Syphilology,  Uni¬ 
versity  of  Texas  School  of  Me^cine,  Galveston,  Tex. 

Fry,  Edith  G.,  MB.,  Biochemistry,  Research  Assistant,  Yale  School  of  Medicine, 
New  Haven,  Conn. 

Grainger,  Thomas  H.,  Jr.,  Bacteriology  and  Public  Health,  Bacteriologist.  U.  S. 
Army. 

Hofmann,  Klaus  H.,  Ph.D.,  Biochemistry,  Assistant  Research  Professor  and  Senior 
Research  Fellow,  Department  of  Chemistry,  University  of  Pittsburgh,  Pitts¬ 
burgh,  Pa. 

Hottle,  George  A.,  PhD.,  Biochemistry,  Formerly  Student,  University  of  Peim- 
gylvania,  Philadelphia,  Pa.,  now  Captain,  Army  of  U,  S. 

Mosher,  William  Allison,  PhD.,  Chemistry,  Assistant  to  Director  of  Research, 
Hercules  Powder  Company,  Wilmington,  Del. 
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